Nucleotide Sequence, Temporal Expression, and Transcriptional Mapping of the p34 Late Gene of the Hz-1 Insect Virus  by Guttieri, Mary C. & Burand, John P.
VIROLOGY 223, 370–375 (1996)
ARTICLE NO. 0489
SHORT COMMUNICATION
Nucleotide Sequence, Temporal Expression, and Transcriptional Mapping
of the p34 Late Gene of the Hz-1 Insect Virus
MARY C. GUTTIERI*,1 and JOHN P. BURAND*,†,2
Departments of *Microbiology and †Entomology, University of Massachusetts, Amherst, Massachusetts 01003
Received April 9, 1996; accepted July 1, 1996
A late gene of the Hz-1 insect virus (Hz-1V) encoding a predicted polypeptide of 34 kilodaltons (kDa) was isolated from
a cDNA library and mapped to the HindIII-T region (50.3 to 52.4 map units) of the viral genome. The p34 gene was
characterized by DNA sequence, Northern blot, and primer extension analyses. The 765-bp open reading frame (ORF) is
transcribed in the clockwise direction as a 1.2-kb RNA. Primer extension analysis detected two late transcription initiation
sites at 016 and 017 nt relative to the start of the p34 ORF. Transcription initiation was observed between 4 and 18 hr
postinfection (hr p.i.) with maximum expression at 12 hr p.i. No nucleotide sequence homology was detected between the
regulatory region of the p34 gene and the baculovirus conserved late promoter motif NTAAG. This observation was substanti-
ated by results obtained from an investigation of Hz-1V late gene expression using a transient expression assay system
which suggested that Hz-1V late gene promoters do not resemble the baculovirus late promoter motif. This is the first
molecular analysis of Hz-1V late gene expression and offers a basis by which to compare Hz-1V to other insect viruses.
q 1996 Academic Press, Inc.
The nonoccluded Hz-1 insect virus (Hz-1V) was origi- increase, and by 24 hr p.i., 90% of the cell population
has lysed. The kinetics of Hz-1V replication have beennally isolated from persistently infected IMC-Hz-1 tissue
culture cells established from ovarian tissue of the lepi- examined by DNA:DNA slot blot hybridization experi-
ments (4). This analysis revealed that Hz-1V DNA synthe-dopteran Helicoverpa zea (11). Previous studies of the
morphology, host range, and replication cycle of this virus sis begins at 4 hr p.i.. Pulse-labeling studies of Hz-1V
protein synthesis identified 37 virus-specific intracellularresulted in the taxonomic classification of Hz-1V as a
member of the Baculoviridae family (10). However, a re- proteins which exhibit a temporal pattern of expression
(5). Based upon the temporal analyses of Hz-1V DNA andcent revision resulted in the removal of Hz-1V from this
family, and pending further characterization, Hz-1V has protein synthesis, the viral replication cycle was divided
into three stages: early (0 to 4 hr p.i.), intermediate (4 to 8not been assigned to any other taxonomic group (18).
hr p.i.), and late (8 to 13 hr p.i.) (5). Northern hybridizationHz-1V virions are enveloped, rod-shaped particles
analysis of Hz-1V transcripts identified 100 viral tran-which contain covalently closed, circular, double-
scripts which map to dispersed areas of the genome andstranded DNA genomes of 228 kbp, approximately twice
exhibit a temporal pattern of expression similar to thatthe size of baculovirus genomes (5, 7, 11, 14). The replica-
observed for Hz-1V protein synthesis (8).tion cycle of Hz-1V in cell culture has been investigated
An intensive study of Hz-1V gene expression has not(4, 5, 11, 27). Using electron microscopy, progeny virus
previously been conducted. In contrast to baculoviruses,is first detected in infected insect cells at 8 hr p.i., and
the molecular biology of Hz-1V has remained essentiallyat this time, alterations of cell morphology are apparent,
uncharacterized. Studies of baculovirus gene expressionincluding nuclear hypertrophy. Hz-1V virus particles ag-
have determined that virtually all identified baculovirusgregate at the cytoplasmic membrane of infected cells,
late genes, to date, are transcribed from the consensusand rather than bud from the plasma membrane, the
promoter element NTAAG (3). To assist in the molecularvirions are released only by cell lysis. Between 10 and
characterization of Hz-1V, we conducted an investigation12 hr p.i., the infectious extracellular virus titer begins to
of Hz-1V late gene expression in an effort to determine
if Hz-1V late genes are transcribed from promoters which
1 Present address: Department of Virology, United States Army Medi- resemble the NTAAG motif. In this regard, we indentified
cal Research Institute of Infectious Diseases, Fort Detrick, Frederick,
and characterized the Hz-1V p34 late gene. We reportMaryland 21701.
here the sequence of the gene and the deduced amino2 To whom correspondence and reprint requests should be ad-
dressed. Fax: (413) 545-2115. E-mail: jburand@microbio.umass.edu. acid sequence of the p34 protein. In addition, we used
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primer extension analysis to locate specific start sites
for transcription of the p34 gene. The nucleotide se-
quence of the gene, including the region of transcription
initiation, was subjected to computer analyis to identify
putative eukaryotic regulatory elements. These data were
used to demarcate regions of the p34 gene which may
possess the baculovirus NTAAG motif.
Hz-1V used in these studies was plaque-purified from
an Hz-1-B1 standard virus isolate obtained from H. Alan
Wood (6). Hz-1V was propagated in the Trichoplusia ni
FIG. 1. Northern blot hybridization analysis of p34 transcripts. Totalcell culture line TN-368 according to the centrifugation-
RNA was extracted from mock- or Hz-1V-infected TN-368 cells usinginoculation procedure outlined by Wood (26). To isolate
a guanidinium isothiocyanate method (20). Twenty micrograms of totalthe p34 late gene, we first obtained a clone of this gene
RNA per sample was denatured with glyoxal and electrophoresed in
from a cDNA library we constructed using poly(A/) RNA 1.0% agarose gels as described by McMaster et al. (17). Electropho-
purified from Hz-1V-infected cells at a late stage of the resed total RNAs were transferred to Magnagraph nylon membranes
(Fisher) by the method of Sambrook et al. (23), and hybridization wasinfection cycle. For cDNA synthesis, total RNA was ex-
carried out at 427 in hybridization buffer (51 SSC; 0.1%, w/v, N-laurylsar-tracted from Hz-1V-infected TN-368 cells at 18 hr p.i.
cosine; 0.02%, w/v, SDS; 50 mM Tris, pH 8.0; 2.0%, w/v, Genius blockingusing a guanidinium isothiocyanate method (20), and
reagent, Boehringer Mannheim Corp.; 50%, v/v, deionized formamide)
poly(A/) RNA was purified from total RNA according to (24) containing 0.5 mg of the labeled cDNA clone. To prepare the cDNA
an oligo (dT) cellulose isolation procedure (20). Poly(A/) probe, pHZC1 was restricted with BamHI and PstI, and the excised
1.0-kbp cDNA insert was gel-purified then labeled with dig-dUTP (Boeh-RNA was used to synthesize cDNA by the methods of
ringer Mannheim Corp.) using a random-primed method described byGubler and Hoffman (13) and a cDNA synthesis kit (Boeh-
the manufacturer. Detection was performed according to a nonradioac-ringer Mannheim Corp.). Fractionated, blunt-ended
tive chemiluminescent detection system (Boehringer Mannheim Corp.).
cDNAs within a 1- to 2-kbp size range were gel-purified The pHZC1 cDNA probe was hybridized to total RNA from uninfected
and ligated to a SmaI-digested, dephosphorylated Blues- (U) and Hz-1V-infected cells collected at 4, 8, 12, 18, and 24 hr p.i. The
position and size (kb) of p34 viral transcripts are indicated on the rightcript KS (/) phagemid, pKS(/) (Stratagene). The Hz-1V
(arrow). The molecular sizes of glyoxalated 1-kb RNA ladder (GibcocDNA clone pHZC1 was selected from this library and
BRL) are indicated on the left (M) in kb.mapped to the HindIII-T region of the Hz-1V genome
between 50.3 and 52.5 map units (m.u.) (data not shown).
To confirm the temporal identity of this cDNA as a (GCG) Sequence Analysis Software package (release 84,
August 1994; Genetic Computer Group, Inc.). The pro-clone of an Hz-1V late gene, pHZC1 was labeled with
digoxigenin-dUTP (dig-dUTP, Boehringer Mannheim grams SIGPEP1 and SIGPEP2 (Rodney J. Folz, copyright
1986) were used to identify predicted signal peptidaseCorp.) and hybridized to Northern blots of total RNA iso-
lated from Hz-1V-infected TN-368 cells at various times cleavage sites according to the method of Von Heijne
(25). Sequence data of pHZC1 revealed a long stretch ofp.i. The cDNA hybridized to transcripts of approximately
1200 nt which were detected from 8 to 24 hr p.i. (Fig. 1). T nucleotides corresponding to the poly(A/) tail of the
mRNA (data not shown). This observation allowed for theThe 1200-nt mRNA was most prominent at 12 hr p.i. and
appeared to decrease in relative abundance by 18 hr p.i. determination of 5* and 3* sequences of the cDNA and,
as a result, provided a point of reference for identifyingTranscripts were not detected at 4 hr p.i., and pHZC1 did
not hybridize to RNA from uninfected cells (Fig. 1). Since 5* and 3* sequences of the corresponding gene in the
DNA clone pHZHT. Primers designed from cDNA se-previous studies determined that the late stage of the
Hz-1V replication cycle begins at 8 hr p.i. (5), we con- quence data were initially used to determine the se-
quence of the homologous region within the HindIII-Tcluded from these results that pHZC1 is a clone of an
Hz-1V late gene. To characterize the viral late gene corre- fragment. Additional primers designed from subsequent
DNA sequence data were used to obtain overlappingsponding to pHZC1 and to investigate putative regulatory
elements involved in Hz-1V late gene expression, the Hz- sequence data of the Hz-1V late gene.
The nucleotide sequence of a 1730-bp segment of the1V 4.8-kbp HindIII-T fragment was cloned into the HindIII
site of pKS(/), and the resulting genomic clone pHZHT Hz-1V HindIII-T fragment revealed an ORF of 765 nt that
is capable of encoding a predicted polypeptide of 34 kDawas subjected to DNA sequence analysis.
Double-stranded cDNA or DNA templates were se- (Fig. 2). Sequence data and restriction enzyme analysis
(data not shown) of the HindIII-T fragment determinedquenced using synthetic oligodeoxyribonucleotide prim-
ers (Integrated DNA Technologies-IDT) and the Seque- that this ORF extends in the clockwise direction with
respect to the circular map of the Hz-1V genome. Thenase, Version 2.0, sequencing kit (United States Bio-
chemical Corp. (USB)). Each base was sequenced an 765-nt ORF is the largest ORF respresented by the cDNA
clone, and no similiar-sized ORF was identified in thisaverage of three times. Sequence data were compiled
and analyzed using the Genetics Computer Group’s region on the opposite strand. The codon usage bias of
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FIG. 2. Nucleotide sequence of the Hz-1V p34 gene region. The nucleotide sequence of 1600-nt encompassing this region is presented with the
predicted amino acid sequence of the p34 ORF. The location of the 18-mer oligonucleotide primer (18-mer) used for primer extension and key
restriction enzyme sites are shown below the sequence. In the 5*-flanking region, the two transcription initiation sites are indicated by arrows, and
putative TATA boxes are double-underlined. The amino acid sequence of the predicted signal peptide is underlined, with putative phosphorylation
sites (/) indicated above the sequence. The TAA termination codon of this ORF is designated by the asterisk (*), and putative polyadenylation
signals (AATAAA) downstream of this codon are underlined. The nucleotide sequence complementary to the baculovirus NTAAG motif is indicated
(GTAAG).
the p34 ORF and the observation that sequences flanking protein revealed a putative signal peptidase recognition
core which may serve as a eukaryotic secretory or trans-the methionine start codon AACATGG conform to the
Kozak consensus sequence PuNNATGPu (16) suggest membrane signal sequence (Fig. 2). The significance of
these putative protein modification sites as it relates tothat this ORF is translated (Fig. 2). No significant homol-
ogy was detected between the nucleotide sequence of the function of this protein is not yet understood since
well characterized proteins with diversified functions arethe p34 ORF and any other characterized genes. Com-
puter analysis of the predicted 255 amino acid sequence modified in this manner. When compared to sequences
entered in GenBank, no significant homology was de-of the p34 polypeptide detected nine potential phosphor-
ylation sites but did not identify sites for glycosylation tected between the predicted amino acid sequence of
the p34 polypeptide and any other characterized pro-(Fig. 2). Examination of the N-terminus of the predicted
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teins. Computer analysis of the 5* and 3* nucleotide se-
quences flanking the p34 ORF revealed two putative
TATA boxes (TATAAAA/T) beginning at 0108 and 0185
bp relative to the ATG initiation codon (at /1, /2, /3)
and two potential polyadenylation signals (AATAAA)
downstream of the TAA termination codon (Fig. 2). The
most significant finding of this analysis was the observa-
tion that the 5*-untranslated region of the p34 gene does
not possess sequences which resemble the baculovirus
NTAAG motif. This motif was detected, though, within the
p34 ORF (Fig. 2). These results imply that the p34 late
gene does not utilize the baculovirus conserved late pro-
moter element for expression.
To determine the specific start sites for transcription
of the p34 gene and to study the temporal nature of
transcription initiation on the gene, the 5* termini of p34
transcripts were examined by primer extension analysis.
A radiolabeled 18-mer oligodeoxyribonucleotide (IDT)
complementary to the 5*-end of the p34 ORF (Fig. 2) was
annnealed to total RNA isolated from mock- or Hz-1V-
infected TN-368 cells at various times p.i. and extended
with reverse transcriptase. Two primer extension prod-
ucts were detected at 4, 12, and 18 hr p.i. (Fig. 3). These
products were 130 and 129 nt in length and corre-
sponded to transcription initiation sites at 017 and 016
nt upstream of the p34 ORF, respectively (Fig. 3). The
locations of the p34 transcription start sites do not corre-
spond to the putative TATA boxes identified upstream of
the p34 ORF (Fig. 2). No homology was detected between
nucleotide sequences in the region of p34 transcription FIG. 3. Primer extension analysis of the 5* termini of p34 tran-
initiation and baculovirus regulatory elements. Detection scripts. To determine transcription initiation sites for the p34 gene,
a primer extension assay (2) was used, with modifications. An 18-of both initiation sites was most prominent at 12 hr p.i.
mer oligodeoxyribonucleotide complementary to the 5*-end of theThis observation is consistent with the temporal pattern
p34 ORF (Fig. 2) was 5*-end labeled by phosphorylation with
detected by Northern hybridization analysis of p34 tran- [g-32P]ATP (Amersham) using T4 polynucleotide kinase (USB) as out-
scripts for which hybridization of the cDNA clone to in- lined by Sambrook et al. (23). Approximately 1.25 pmol of radiolabeled
fected cell RNA is most evident at 12 hr p.i. (Fig. 1). oligonucleotide primer were annealed to 20 mg of mock- or Hz-1V-
infected total RNAs, isolated at various times p.i. as previously de-The time course for transcription observed by primer
scribed (20), for 1 hr at 507 in 10 ml of reaction buffer (250 mM KCl;extension analysis versus Northern hybridization analy-
10 mM Tris, pH 8.3). For primer extension, the annealing mixture was
sis differed only at 4 hr p.i. At this time point, primer incubated at 437 for 45 min in 3 vol of primer extension mix (12 mM
extension products were detected (Fig. 3), but p34 tran- Tris, pH 8.3; 8 mM MgCl2 ; 4 mM DTT; 0.4 mM each of dATP, dTTP,
scripts were not observed on the Northern blot (Fig. 1). dCTP; 0.8 mM dGTP; 1 unit/ml placental RNase inhibitor; 100 mg/ml
actinomycin D) and 400 units of MMLV reverse transcriptase (USB).This observed difference may reflect the less sensitive
Primer extension products were resolved in 6% polyacrylamide – 8.3nonradioactive methods used for Northern hybridization
M urea sequencing gels. A sequencing ladder, generated using the
analysis. Detection of primer extension products at 4 hr same oligonucleotide primer, was coelectrophoresed alongside the
p.i. suggests that the same promoter is used for both the primer extension products as a size standard. (A) Time course analy-
intermediate and late stages of Hz-1V gene expression. sis of p34 transcription initiation. The times p.i. when RNAs were
isolated are shown above the gel, with (U) indicating RNA from unin-If so, it is possible that an additional set of regulatory
fected cells. Sizes of primer extension products and the DNA se-factors, not yet identified, may contribute to the expres-
quence in the region of initiation determined by the DNA sequence
sion of Hz-1V late genes. Investigations of baculovirus ladder (M13) are indicated on the right. (B) Schematic indicating the
gene regulation have demonstrated that baculovirus late location of the transcription initiation sites on the sequence upstream
genes are transcribed by an alpha amanitin-resistant of the p34 ORF. The relative sizes of the primer extension products
and the oligonucleotide primer are indicated at the bottom of theRNA polymerase (3). In addition, aphidicolin, an inhibitor
diagram, with the lengths (in nt) shown to the left of the extensionof DNA replication, has been used in expression studies
lines. The nucleotide sequence of the region from which transcription
as a means to determine the appropriate temporal classi- initiates is shown above the diagram, with arrows designating the
fication of baculovirus genes, with the proviso that late specific sites of initiation and numbers indicating the location of each
gene expression begins after DNA replication occurs. To start site relative to the p34 ORF.
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TABLE 1 cells transfected with phcwt and infected with Hz-1V (Ta-
ble 1). In addition, CAT activity was not detected for cellsTransient Expression Studies of Hz-1V Late Gene Expression
transfected with phcLSX or for uninfected cells (Table 1).
Virus Plasmida cpm/mg proteinb This analysis did not determine whether or not Hz-1V late
genes possess promoters similar to the NTAAG motif.
AcMNPV phcwt 22,589 However, these results suggest that the RNA polymerase
AcMNPV phcLSX 99
in Hz-1V-infected cells does not recognize the late po-AcMNPV — 31
lyhedrin gene promoter of AcMNPV, and this implies thatHz-1V phcwt 35
Hz-1V phcLSX 30 Hz-1V late gene promtors do not resemble the baculovi-
Hz-1V — 27 rus conserved late promoter element.
— phcwt 31 The finding that the p34 late gene is not transcribed
— — 32
from a promoter which resembles the baculovirus late
promoter motif does not, in itself, indicate that Hz-1V isa Plasmids were kindly provided by Dr. Lois K. Miller (21).
b The cpm/mg protein is a measure of CAT activity in the cell extract. not a baculovirus. However, this observation as well as
the lack of homology between the p34 gene and charac-
terized baculovirus genes suggests that Hz-1V may only
be distantly related to baculoviruses. Although the pre-date, there have been no published reports using alpha
amanitin or aphidicolin in studies of Hz-1V gene expres- cise taxonomic classification of this virus remains to be
determined, our investigations of the Hz-1V p34 late genesion. It is not known if an alpha amanitin-resistant RNA
polymerase is involved in Hz-1V replication. Investiga- have provided a foundation by which to compare Hz-1V
to other insect viruses and to conduct future studies.tions of Hz-1V DNA and protein synthesis have provided
the basis for establishing the three temporal classes
comprising the Hz-1V replication cycle (4, 5), and this ACKNOWLEDGMENTS
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